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PRELIMINARY ANALYSIS OF A NUCLEAR-POWERED SUPERSONIC AIRF'LAXiiE 

USING RAMJE3c ENGINES 

By Richard J. Weber and Donald J. Connolley 

SUMMARY 

Performance est imates  a r e  made f o r  a family of a i rp i anes  designed t o  
c r u i s e  at a Mach number of 4.25 using proposed General E l e c t r i c  AC-210 
ramjet engines.  The a i rp lanes  ca r ry  a payload of 10,000 pounds and a 
crew of one. For a two-engined configurat ion t h e  b i o l o g i c a l  sh i e ld  
w e i g h t  i s  ca lcu la ted  t o  be between 60,000 and 100,000 pounds, depending 
on t h e  degree of refinement i n  design, the s i z e  of the crew compartment, 
and t h e  r e l a t i v e  pos i t i on  of t h e  p i l o t  and t h e  engines. With a 100,OOO- 
pound sh ie ld ,  t h e  maximum c r u i s e  a l t i t u d e  i s  estimated t o  be 71,500 feet 
a t  an a i rp l ane  gross weight of 215,000 pounds. 
sh i e ld ,  t h e  c e i l i n g  i s  80,600 feet a t  an a i rp l ane  gross w e i g h t  of 170,000 
pounds. I n s t a l l i n g  more engines r a i s e s  t h e  a i rp l ane  c e i l i n g  but a t  the 
expense of g rea t e r  weight. Airplane gross weight i s  f a i r l y  s e n s i t i v e  t o  
changes i n  s h i e l d  weight and engine weight; maximum a l t i t u d e  i s  a f f ec t ed  
t o  a lesser exten t .  Variations i n  engine t h r u s t  have a l a rge  e f f e c t  on 
a l t  i?xde. 

For a 60,000-pound 

INTRODUCTION 

A t  t h e  request  of t h e  Air Force, a b r i e f  design-point study w a s  car -  
r i e d  out  a t  t h e  NACA Lewis labora tory  of t h e  f e a s i b i l i t y  of a manned 
nuclear-powered supersonic a i rp l ane  using ramjet engines. 
w a s  designed t o  c ru i se  a t  a Mach number of 4.25 with a payload of 10,000 
pounds and a crew of one. The weight and t h e  t h r u s t  of t h e  engines were 
based on t h e  est imates  of reference 1. 

The a i rp l ane  
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The study w a s  c a r r i e d  out i n  t h r e e  phases:  

(1) Calculat ion of t h e  requi red  s h i e l d  weight as a func t ion  of t h e  
s 

p o s i t i o n  of t h e  p i l o t  r e l a t i v e  t o  t h e  engines 

( 2 )  Estimation of t h e  gross weight and t h e  c r u i s e  drag of a family 
of  a i rp l anes  designed f o r  var ious condi t ions 

(3) Combination of t h e  f i rs t  two phases with engine t h r u s t  es t imates  
t o  f i n d  t h e  maximum design f l i g h t  a l t i t u d e  and t h e  correspond- 
ing  a i rp l ane  gross weight. 

The major i ty  of t h e  a i rp l ane  ca l cu la t ions  were based on what i s  f e l t  
t o  be a r a t h e r  conservat ive s h i e l d  design.  The objec t  w a s  t o  determine 
if reasonable a i rp l ane  performance could be obtained without demanding a 
very highly r e f ined  s h i e l d  conf igura t ion  of minimum weight.  
however, t h e  e f f ec t  on t h e  a i rp l ane  of modifying t h e  s h i e l d  t o  ob ta in  
l i g h t e r  weight w a s  considered. 

I n  add i t ion ,  

One of t h e  major problems assoc ia ted  with t h e  use of t h i s  a i rp l ane ,  
as with any ramjet vehic le ,  i s  t h a t  of a t t a i n i n g  t h e  high speeds r e q u i s i t e  
f o r  s a t i s f a c t o r y  engine opera t ion .  Even with t h e  use of variable-geometry 
components, t h e  engines could probably not  a c c e l e r a t e  t h e  a i r p l a n e  from 
Mach numbers lower than  about 2 .5  t o  3.0; some a u x i l i a r y  boost ing device 
i s  the re fo re  necessary.  The present  ana lys i s  i s  r e s t r i c t e d  t o  a design- 
po in t  study, and no cons idera t ion  w a s  given t o  t h e  problems of take-of f ,  
acce le ra t ion ,  and climb t o  t h e  design c r u i s e  condi t ion.  

ANALYSIS 

This s ec t ion  o u t l i n e s  t h e  major assumptions made with respec t  t o  t h e  
ramjet engines, t h e  r a d i a t i o n  sh ie ld ,  and t h e  a i r f rame.  

Engines 

The ca l cu la t ed  performance of s eve ra l  nuclear-powered ramjet engines 
i s  presented i n  re ference  1. The configurat ions d i f f e r e d  from each o the r  
only i n  d e t a i l  and c l o s e l y  resembled conventional ramjet engines with t h e  
addi t ion  of a reac to r  core  placed i n  t h e  combustion chamber. 
t r o p i c  external-compression d i f f u s e r  w a s  used i n  conjunction with a com- 
p l e t e l y  expanding convergent-divergent nozzle .  The r eac to r  core  w a s  made 
of p a r a l l e l  uranium-impregnated ceramic tubes .  The engine airstream w a s  
heated t o  about 2840' F as it flowed through and around t h e  hollow centers  
of t h e  ceramic tubes .  

An i s e n -  

c 

. 
C ONFIDENTUL 
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The engine designated by reference 1 as AC-210-1 w a s  a r b i t r a r i l y  
The reported v a r i a t i o n  of net  s e l e c t e d  f o r  u s e  i n  t h e  present  study. 

t h r u s t  wi th  a l t i t u d e  i s  shown i n  f i g u r e  1 f o r  t h e  design f l i g h t  Mach num- 
b e r  of 4.25. 
i n g  f o r  n a c e l l e  drag. 
nozzle e x i t )  i s  57.5 f e e t ,  and t h e  maximum diameter i s  8.4 feet. 
weight of t h e  r e a c t o r  core and control  i s  given as 26,015 pounds. I n  t h e  
p re sen t  ana lys i s  t h e  engines are assumed t o  be contained wi th in  t h e  fuse-  
l age ,  wi th  an i n s t a l l e d  weight per  engine of 27,500 pounds. This va lue  
i s  somewhat lower than  t h e  corresponding estimate of r e fe rence  1, which 
inc ludes  t h e  nace l l e  weight of an i so l a t ed  engine; t h e  d i f f e rence  i s  con- 
s ide red  t o  be included i n  t h e  fuselage weight. 

Also shown i s  t h e  estimated propulsive t h r u s t  a f t e r  account- 
The t o t a l  length of t h e  engine ( t i p  of sp ike  t o  

The 

N o  e f f o r t  w a s  made i n  t h e  present study t o  optimize t h e  engine s i z e  
or t h e  design of t h e  i n l e t  d i f f u s e r  and exhaust nozzle. . 

Radiat ion Shie ld  

A un i t - type  r a d i a t i o n  s h i e l d  w a s  assumed t o  enclose t h e  crew com- 
partment. 
considered because of t h e  l a r g e  i n l e t  and e x i t  ducts requi red  t o  pass  t h e  
engine a i r f low.  The a i rp l ane  s t r u c t u r e  i s  thus  not p ro tec t ed  from any 
p o s s i b l e  de l e t e r ious  e f f e c t s  of r ad ia t ion ,  bu t  no study w a s  made of t h i s  
problem. The instruments and payload are at  least p a r t i a l l y  p ro tec t ed  
because t h e  s h i e l d  i s  between them and t h e  engines. 

A divided s h i e l d  o r  a u n i t  s h i e l d  around t h e  engines w a s  not 

Dosage r a t e .  - The range of t h e  manned nuclear a i r p l a n e  cannot be 
considered as unlimited; t h e  p i l o t ' s  endurance i s  r e s t r i c t e d  by t h e  t o t a l  
amount of r a d i a t i o n  he i s  permit ted t o  r ece ive .  For a f l i g h t  of t h e  or-  
der  of 6000-nautical-mile rad ius  a t  a Mach number of 4.25, t h e  f l i g h t  t i m e  
i s  about 5 hours. Assuming a dose of 20 rems pe r  mission leads t o  t h e  
s e l e c t i o n  of a design dose rate of 4 rems pe r  hour i n  t h e  present  study. 

Basic s h i e l d  conf igura t ion .  - The s h i e l d  w a s  assumed t o  enclose a 
crew compartment 6 feet  i n  length  and 3 f e e t  i n  diameter. The s h i e l d  
c o n s i s t s  of an inne r  l aye r  of lead  and an ou te r  l a y e r  of water. The 
l a y e r s  are i n  t h e  form of hollow e l l i p t i c a l  r i g h t  cy l inde r s  wi th  f l a t  ends 
(see f i g .  2 ) .  The lead  a c t s  t o  a t t enua te  t h e  gamma rays .  The water a t -  
t enua te s  t h e  neutrons and a l s o  a i d s  i n  a t t e n u a t i n g  t h e  gamma rays .  

Source of r a d i a t i o n .  - The r ad ia t ion  w a s  assumed t o  c o n s i s t  of 
neutrons and gamma rays emitted f r o m  General E l e c t r i c  AC-210-1 engines. . For t h e  s h i e l d  ca l cu la t ions ,  t h e  engines were assumed t o  be opera t ing  at  
f u l l  power a t  an a l t i t u d e  of 70,000 f e e t .  This corresponds t o  a power 
l e v e l  of approximately 360 megawatts per engine. 

CONFIDENTIAL 
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Detailed ca l cu la t ions  were c a r r i e d  out  t o  determine t h e  s h i e l d  t h i c k -  
ness  necessary f o r  sh i e ld ing  aga ins t  r a d i a t i o n  from two engines .  These 
ca lcu la t ions  were then  modified f o r  sh i e ld ing  aga ins t  r a d i a t i o n  from one 
and fou r  engines.  

Shield-weight ca l cu la t ions .  - The shield-weight ca l cu la t ions  were 
c a r r i e d  out i n  two p a r t s .  The f i r s t  w a s  t o  determine t h e  s h i e l d  th ickness  
necessary t o  s h i e l d  aga ins t  t h e  d i r e c t  r a d i a t i o n .  
i f y  t h i s  s h i e l d  th ickness  t o  account f o r  t h e  add i t iona l  dose due t o  a i r -  
sca t t e red  r a d i a t i o n .  

The second w a s  t o  mod- 

For t h e  d i rec t -dose  ca l cu la t ion ,  t h e  source of neutron and gamma-ray 
r ad ia t ion  w a s  divided i n t o  two p a r t s ,  one corresponding t o  t h e  r a d i a t i o n  
from t h e  f r o n t  of t h e  r eac to r ,  and t h e  o ther  corresponding t o  r a d i a t i o n  
from one-half of t h e  c y l i n d r i c a l  s i d e  su r face  of t h e  r e a c t o r .  The value 
of one-half w a s  chosen because t o  an observer i n  t h e  crew compartment 
only one-half of t h e  s i d e  sur face  of t h e  r e a c t o r  i s  v i s i b l e .  Core r e l a x -  
a t i o n  lengths f o r  both neutron and gamma rays  were evaluated f o r  use i n  
t h e s e  direct-dose ca l cu la t ions .  By using t h e s e  core r e l a x a t i o n  lengths  
and t h e  dimensions of t h e  r eac to r ,  equivalent  d i sk  sources  of r a d i a t i o n  
were evaluated f o r  both t h e  f r o n t  and t h e  s i d e  of  t h e  r e a c t o r .  The angle  
between t h e  normal t o  t h e  equivalent  s i d e  d i sk  and a l i n e  drawn t o  t h e  
crew compartment is  very l a r g e  i n  a l l  t h e  a i r c r a f t  conf igura t ions  con- 
s idered  i n  these  ca l cu la t ions .  Therefore, t h e  source of r a d i a t i o n  from 
t h i s  disk w a s  modified by a cosine d i s t r i b u t i o n .  The angle  between t h e  
f r o n t  disk and t h e  crew compartment w a s  s m a l l  i n  most of t h e  cases  con- 
s idered;  so t h e  co r rec t ion  w a s  not made i n  t h e s e  cases .  

The s h i e l d  th ickness  f o r  t h e  d i r e c t  r a d i a t i o n  on t h e  s i d e s  of t h e  
crew compartment w a s  ca lcu la ted  only  a t  t h e  p o s i t i o n  90' from t.he t o p .  
This i s  t h e  p o s i t i o n  on t h e  s i d e s  of t h e  crew compartment which rece ives  
t h e  maximum d i r e c t  dose.  The th icknesses  a t  t h e  t o p  and t h e  bottom of 
t h e  crew compartment were determined, as descr ibed l a t e r  i n  t h i s  s ec t ion ,  
by a i r - s c a t t e r i n g  cons idera t ions .  It w a s  assumed t h a t  an e l l i p s e  drawn 
through t h e s e  th icknesses ,  t op  and s ides ,  would adequately descr ibe  t h e  
va r i a t ion  i n  t h e  sh i e ld  th ickness  a t  a l l  po in t s  on t h e  per iphery  of t h e  
s h i e l d .  A few ca l cu la t ions  were c a r r i e d  out  t o  s u b s t a n t i a t e  t h i s  
assumption. 

By assuming t h e  sources mentioned previously,  t h e  d i rec t -dose  ca l cu la -  
t i o n  f o r  t h e  neutron r a d i a t i o n  w a s  performed a t  each po in t  of i n t e r e s t .  
A thickness  of water was assumed and, wi th  t h e  a i d  of Bulk Shie ld  Reactor 
da t a  ( r e f .  2 )  , t h e  dose ra te  on t h e  i n s i d e  of t h e  crew compartment w a s  
evaluated. Since t h e  angle  of incidence of t h i s  r a d i a t i o n  was not zero, 
t h i s  dose ra te  was modified by a s l an t -pene t r a t ion  f a c t o r  and a f a c t o r  
which accounts f o r  t h e  f a c t  t h a t  t h e  crew compartment a c t s  l i k e  a d i r ec -  
t i o n a l  de t ec to r  r a t h e r  than  an i s o t r o p i c  de t ec to r .  
f a c t o r  w a s  obtained by f i t t i n g  an  approximate equat ion t o  curves by 

The s l an t -pene t r a t ion  
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. 

Chapman ( ref .  3 ) .  
t o  t h e  ramjet dimensions. 

T h i s  equation w a s  then  used t o  extend Chapman's curves 

The gamma-ray s h i e l d  thicknesses  were determined by using Bulk Shield 
Reactor da t a  ( ref .  2)  f o r  t h e  a t tenuat ion  i n  the w a t e r  and by assuming ex- 
ponen t i a l  a t t enua t ion  with a buildup f a c t o r  i n  t h e  lead .  No acceptable  
s l an t -pene t r a t ion  d a t a  were ava i lab le  f o r  t h e  gamma rays; so t h i s  correc-  
t i o n  w a s  no t  made. Therefore,  t h e  a c t u a l  l e a d  th ickness  necessary f o r  
gamma-ray sh ie ld ing  i s  probably somewhat smaller than  t h a t  ca lcu la ted .  

For  t h e  sca t te red- rad ia t ion  sh ie ld  th ickness ,  t h e  r eac to r  w a s  as- 
sumed t o  be a poin t  source of 3 MeV gamma rays  and 3 Mev neutrons.  Since 
t h e  r e l a x a t i o n  lengths  i n  a i r ,  a t  t he  a l t i t u d e  considered, are very  long, 
only a s i n g l e  s c a t t e r i n g  phenomenon was considered. This ca l cu la t ion  
e s t ab l i shed  t h e  s h i e l d  th ickness  f o r  t h e  f r o n t  of t h e  crew compartment; 
and, s ince  t h e  angle  of incidence of t h e  d i r e c t  r a d i a t i o n  a t  t h e  t o p  and 
t h e  bottom of t h e  crew compartment i s  very nea r ly  90°, only a s m a l l  frac- 
t i o n  of t h e  inc iden t  d i r e c t  r a d i a t i o n  would pene t r a t e  t h e  s h i e l d  at these 
po in t s .  Therefore,  t h e  s h i e l d  thickness  a t  t h e s e  p o i n t s  w a s  determined 
by t h e  s c a t t e r e d  r ad ia t ion .  

Airplane 

On t h e  b a s i s  of prel iminary ca lcu la t ions ,  a re ference  a i rp l ane  w a s  
designed that  w a s  expected t o  y i e l d  good performance a t  a Mach number of 
4.25 and an a l t i t u d e  of 70,000 f ee t  (see table I and f i g .  3 ) .  
of redesigning t h e  a i rp l ane  w a s  then  inves t iga t ed  as each of t h e  follow- 
ing  parameters w a s  var ied :  wing loading, weight, number and loca t ion  of 
engines, s h i e l d  weight, design a l t i t u d e ,  and a i r p l a n e  conf igura t ion .  

The e f f e c t  

The major assumptions made f o r  the  re ference  a i r p l a n e  are as fol lows.  

Configuration. - A canard configuration i s  used, w i t h  no ho r i zon ta l  
t a i l .  The cen te r  of pressure of the canard su r face  i s  20 feet  from t h e  
fuse l age  nose. The canard-surface area and t h e  v e r t i c a l - t a i l  area are 
each equal  t o  15 percent  of t h e  wing area. 
su r face  must be a t  a h igher  angle of a t t a c k  than  t h e  wing is;  t h e  r a t i o  
of angles  of a t t a c k  i s  set at 1.5 during c ru i s ing .  

For  stable f l i g h t ,  t h e  canard 

A d e l t a  p l an  form i s  employed f o r  bo th  t h e  wing and t h e  canard sur- 
f ace ,  with a biconvex a i r f o i l  sec t ion .  
th ickness  r a t i o ,  3.5 percent .  

The aspect  r a t i o  i s  2.5 and t h e  

Fuselage.  - The fuse lage  cons i s t s  of two parabol ic  half-bodies  of 
r evo lu t ion  joined a t  t h e i r  maximum diameters.  
loca ted  a t  t h i s  p o i n t .  
t h e  maximum fuse lage  diameter i s  chosen as 10 fee t .  

The p i l o t ' s  compartment i s  
With a nominal maximum s h i e l d  diameter of 9 fee t ,  

A length  of 60 fee t  

CONFIDENTIAL 
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Component 

Payload 

Engines (two) 

Instruments 
Shield,  p i l o t ,  e t c .  

f o r  t h e  forward parabol ic  s ec t ion  of t he  fuse lage  w a s  found t o  represent  
a good compromise between weight and drag. 
be i n s t a l l e d  i n  t h e  fuselage,  60 feet a f t  of t h e  p i l o t ' s  compartment, 
wi th  scoop i n l e t s .  
l oca t ions  and t h e  weights of t h e  components contained wi th in  t h e  fuse lage  
are given i n  t h e  following t a b l e  (where t h e  s h i e l d  weight i s  based on re- 
s u l t s  of t h e  previously described sh ie ld  ca l cu la t ions )  : 

Two engines are assumed t o  

The The t o t a l  l ength  of t h e  fuse lage  i s  130 feet .  

Distance from 
nose, 
f t  

45 
50 
60 

120 

Weight, 
l b  

10,000 

loo, 000 
55,000 

An add i t iona l  weight equal t o  8 percent of t h e  t o t a l  a i rp l ane  gross weight 
i s  included t o  account f o r  landing gear and miscellaneous equipment. 

S t ruc tu re .  - The w e i g h t s  of t h e  fuselage and t h e  wing w e r e  ca lcu la ted  
wi th  semiempirical equations t h a t  were found i n  previous s t u d i e s  t o  y i e l d  
real is t ic  r e s u l t s .  The s t r u c t u r a l  mater ia l  i s  s t a i n l e s s  s teel .  I ts  
s t r e n g t h  w a s  va r i ed  with t h e  average equilibrium sk in  temperature t h a t  i s  
experienced at d i f f e r e n t  flight a l t i t u d e s  after allowing f o r  thermal r a d i -  
a t i o n .  The wing w a s  designed f o r  a normal load f a c t o r  of 2.5. Other 
s t r e s s e d  components of t h e  a i rp l ane  were designed f o r  a s a f e t y  f a c t o r  of 
1.5. 

Drag. - It i s  assumed t h a t  t h e  f i n a l  design i s  r e f ined  t o  avoid un- - 
favorable  aerodynamic in t e r f e rence  e f f e c t s .  
f i g u r a t i o n  i s  approximated by summing t h e  drags of t h e  wing, t h e  fuselage,  
and t h e  engines, each considered as i so l a t ed  components. Laminar bound- 
a r y  l a y e r s  and favorable  pressure- f ie ld  i n t e r a c t i o n s  are not  considered. 

The t o t a l  drag of t h e  con- 

RESULTS 

Based on t h e  nominal assumptions described i n  t h e  ANALYSIS sec t ion ,  
t h e  gross  weight and t h e  c ru i se  drag of a number of a i y l a n e s  designed 
f o r  var ious  c r u i s e  a l t i t u d e s  were calculated.  The a l t i t u d e  a t  which t h e  
drag i s  equal  t o  t h e  ava i l ab le  engine t h r u s t  def ines  t h e  c r u i s e  a l t i t u d e  
and t h e  corresponding gross weight of t h e  re ference  a i rp l ane .  
series Of airplanes were then  analyzed i n  t h e  same manner t o  determine 
t h e  r e s u l t i n g  c r u i s e  a l t i t u d e  and t h e  gross weight when a r b i t r a r y  changes 
were made i n  t h e  major components, such as sh ie ld  weight, and so  f o r t h .  

Other 
c 

The ca lcu la ted  gross weight and the drag of t h e  a i rp l anes  are given 
i n  appendix A. I n  t h i s  s ec t ion  these  d a t a  are combined with t h e  engine 
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t h r u s t  schedule of f i g u r e  1. The r e su l t i ng  da ta  show t h e  a l t i t u d e  cap- 
a b i l i t y  and t h e  gross weight of t h e  nuclear ramjet a i rp l ane  and i n d i c a t e  
t h e  s e n s i t i v i t y  of t hese  cha rac t e r i s t i c s  t o  changes i n  t h e  major design 
va r i ab le s .  Except when otherwise specif ied,  two engines are used. All 
performance i s  f o r  design-point a i rp lanes  a t  a Mach number of 4.25. 

Shield weight. - The r e s u l t s  of the preliminary shield-weight calcu- 
l a t i o n s  are presented i n  f i g u r e  4. 
and separa t ion  angle of i n t e r e s t  i n  t h e  present  s tudy are found t o  r equ i r e  
s h i e l d  weights of 90,000 t o  100,000 pounds. This led t o  t h e  s e l e c t i o n  of 
a nominal crew-compartment weight of 100,000 pounds ( including the w e i g h t  
of t h e  p i l o t  and assoc ia ted  equipment). Several  methods of reducing t h i s  
weight are conceivable. For example, it i s  estimated t h a t  a more re f ined  
design (with rounded corners,  a hydrocarbon subs t i t u t ed  f o r  t h e  w a t e r ,  
and t h e  crew compartment shortened by 1 f t >  would weigh about 60,000 
pounds. Fur ther ,  i f  only one engine were usedl t h e  sh i e ld  weight could 
be lowered t o  about 45,000 pounds. Alternat ively,  t h e  re f ined  technique 
might be used t o  reduce t h e  r ad ia t ion  dosage t o  t h e  p i l o t  without chang- 
ing  t h e  sh i e ld  weight. 

All combinations of separa t ion  d is tance  

The effect t h a t  the shield-weight v a r i a t i o n s  would have on the a l t i -  
tude  c a p a b i l i t y  and gross w e i g h t  of the a i rp l ane  is shown i n  figure 5. 
Reducing t h e  s h i e l d  weight from 100,000 t o  60,000 pounds would improve 
t h e  c e i l i n g  from 71,500 t o  80,600 feet. 
weight i s  reduced from 215,000 t o  170,000 pounds. This e f f e c t  i s  l a rge  
s ince  t h e  s h i e l d  represents  approximately 50 percent  of t h e  t o t a l  a i rp l ane  
weight. 

A t  t h e  same t i m e ,  t h e  gross 

Engine weight. - Figure 6 i l l u s t r a t e s  t h e  e f f e c t  of changes i n  t h e  
engine weight. 
parameter. 
of 27,500 pounds would lower t h e  maximum a l t i t u d e  by only 5000 feet. 
However, t h e  gross weight would rise from 215,000 t o  250,000 pounds. 

The a i rp l ane  c e i l i n g  i s  comparatively i n s e n s i t i v e  t o  t h i s  
A 50-percent increase  i n  engine weight from t h e  assumed value 

Number of engines. - Figure 7 illustrates t h e  e f f e c t  of varying t h e  
number of i n s t a l l e d  engines. The so l id  l i n e  ind ica t e s  use of t h e  con- 
se rva t ive  shield-weighi ca lcu la t ions ,  and the dashed l i n e  r ep resen t s  the 
l i g h t e r ,  more r e f ined  s h i e l d  design. In both cases t h e  s h i e l d  weight i s  
var ied  wi th  t h e  number of engines because of t h e  changed amount of r ad ia -  
t i o n  emitted.  The s h i e l d  weights used are given i n  t h e  fol lowing t a b l e :  
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Changing t h e  number of engines,  and hence t h e  t h r u s t ,  by a f a c t o r  of 
two would change t h e  c r u i s e  a l t i t u d e  by about 15,000 f ee t  i f  a l l  o the r  
f a c t o r s  remained cons tan t .  However, of course,  t h e  t o t a l  i n s t a l l e d  en- 
g ine  weight and a l s o  t h e  s h i e l d  weight change. I n  add i t ion ,  redesigning 
t h e  a i rp lane  f o r  t h e  new a l t i t u d e  a f f e c t s  t h e  l i f t - d r a g  r a t i o  and t h e  
s t r u c t u r a l  weight.  

An a i rp l ane  weighing only 106,000 pounds i s  seen poss ib l e  by us ing  
one engine with a, r e f ined  s h i e l d ,  bu t  t h e  a i r p l a n e  c e i l i n g  i s  then  only 
65,000 f e e t .  Higher a l t i t u d e s  are obtained by i n s t a l l i n g  more engines,  
bu t  a t  the  cos t  of a s u b s t a n t i a l l y  heavier  a i r p l a n e .  

Nozzle v e l o c i t y  c o e f f i c i e n t .  - I n  t h e  o the r  s ec t ions  of t h i s  r e p o r t ,  
t h e  exhaust-nozzle v e l o c i t y  c o e f f i c i e n t  has been taken  as 0.975. I n  t h e  
f i n a l  a i rp lane  design, t h e  e f f e c t i v e  v e l o c i t y  c o e f f i c i e n t  might w e l l  be  
l e s s  than 0.975 as a r e s u l t  of (1) i n t e r n a l  nozzle lo s ses ,  ( 2 )  divergence 
l o s s e s  due t o  nonaxial  discharge,  and (3) t h r u s t  l o s ses  due t o  incomplete 
expansion i n  order  t o  l i m i t  engine weight and ex te rna l  drag.  

Because of t h e  comparatively low nozzle-entrance temperature,  t h e  
j e t  ve loc i ty  of t h e  nuclear  ramjet i s  not  much g rea t e r  than  t h e  f l i g h t  
ve loc i ty .  The engine t h r u s t  i s  t h e r e f o r e  q u i t e  s e n s i t i v e  t o  v a r i a t i o n s  
i n  t h e  j e t  ve loc i ty .  
changes i n  t h e  nozzle v e l o c i t y  c o e f f i c i e n t .  

F igure  8 i l l u s t r a t e s  how t h e  t h r u s t  i s  a f f e c t e d  by 

The e f f e c t  of v e l o c i t y  c o e f f i c i e n t  on a i rp l ane  performance i s  shown 
i n  f i g u r e  9.  
l i t t l e  e f f e c t  on gross  weight bu t  lowers t h e  a l t i t u d e  by  8000 f e e t .  

Reducing t h e  v e l o c i t y  c o e f f i c i e n t  from 0.975 t o  0.950 has 

CONCLUDING REMARKS 

The est imated performance of supersonic-airplane designs using 
nuclear-powered ramjet engines i s  presented.  
i n  t h i s  ana lys i s  are s u i t a b l e  f o r  bombing o r  reconnaisance missions; t h e y  
have no maneuvering c a p a b i l i t y  because of t h r u s t  and s t r u c t u r a l  
l imi t a t ions .  

The a i rp l anes  considered 

A r ep resen ta t ive  a i r p l a n e  design us ing  two engines and a comparative- 
l y  heavy s h i e l d  i s  ca l cu la t ed  t o  weight 215,000 pounds and t o  have a maxi- 
mum a l t i t u d e  of 71,500 f e e t  a t  t h e  design Mach number of 4.25. 
higher a l t i t u d e s  are poss ib l e  by us ing  more engines,  although t h e  gross  
weight i s  s u b s t a n t i a l l y  g r e a t e r .  Moderate changes i n  engine weight have 
a minor e f f e c t  on c r u i s e  a l t i t u d e ,  while  v a r i a t i o n s  i n  engine t h r u s t  have 
a la rge  effect  on a l t i t u d e .  

S t i l l  

Very s u b s t a n t i a l  improvements i n  a i r p l a n e  performance may be  r e a l i z e d  
by reducing t h e  s h i e l d  weight.  
t i o n s  y ie lded  weights i n  t h e  order  of 100,000 pounds ( fo r  two engines) .  

Prel iminary conservat ive s h i e l d  ca l cu la -  

C OIWIDFNTIAL 
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It i s  est imated t h a t  r e f ined  designs (with rounded corners ,  shortened 
crew compartment, and hydrocarbon neutron a t tenuat ion)  may reduce t h e  
s h i e l d  weight t o  about 60,000 pounds. This l i g h t e r  s h i e l d  r e s u l t s  i n  an 
a i r p l a n e  weighing 170,000 pounds w i t h  a c e i l i n g  of 80,600 feet .  

Use of only one engine permits  a s t i l l  l i g h t e r  s h i e l d  because of t h e  
reduced amount of r ad ia t ion .  A re f ined  s h i e l d  for t h i s  case i s  estimated 
t o  weigh about 45,000 pounds, r e s u l t i n g  i n  an a i rp l ane  gross weight of 
106,000 pounds but  with a c e i l i n g  of only 65,000 feet .  

L e w i s  F l i g h t  Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, June 19, 1957 
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APPENDIX - AIRFRAME WEIGHT AND DRAG 

This s e c t i o n  p resen t s  t h e  comparative performance of a i r p l a n e s  i n  
which one or more r e l a t e d  design parameters are va r i ed .  Unless otherwise 
s t a t e d ,  the f l i g h t  a l t i t u d e  i s  70,000 f ee t  and a l l  o the r  design parameters 
are f ixed  a t  t h e  values  s p e c i f i e d  f o r  t h e  re ference  a i r p l a n e .  The com- 
par i sons  are made s o l e l y  on t h e  b a s i s  of a i rp l ane  t o t a l  drag and gross  
weight, neglect ing f o r  t h e  moment t h e  quest ion of whether s u f f i c i e n t  en- 
g ine  t h r u s t  i s  available t o  overcome t h e  drag.  The RESULTS s e c t i o n  con- 
s i d e r s  the i n t e g r a t e d  performance of t h e  airframe-engine combination. 

Wing Loading 

The e f f e c t  on weight and drag of varying t h e  design wing loading i s  
ind ica ted  i n  f i g u r e  10. A t  t h e  given a l t i t u d e  of 70,000 fee t ,  t h e  o p t i -  
mum wing loading i s  about 80 t o  100 pounds pe r  square f o o t .  Lower wing 
loadings r equ i r e  l a r g e r  wings and increase  t h e  gross  weight, r e s u l t i n g  i n  
an increase i n  t o t a l  a i r p l a n e  drag. On t h e  o ther  hand, higher  wing load-  
ings  a l s o  i nc rease  t h e  t o t a l  drag because of t h e  l a r g e r  induced drag, de- 
s p i t e  t h e  lower gross  weight.  Marked on t h e  f i g u r e  are t h e  requi red  
angles  of a t t a c k  of t h e  wing f o r  t h e  d i f f e r e n t  wing loadings .  The angle  
of a t t ack  a i s  r e l a t e d  t o  both t h e  wing loading and t h e  a l t i t u d e  ac- 
cording t o  t h e  fol lowing equation: 

where W i s  t h e  gross  weight, S i s  t h e  wing area, q i s  t h e  dynamic 
pressure  a t  t h e  given f l i g h t  speed and a l t i t u d e ,  and dCL/da i s  t h e  lift- 

curve slope (CL 

tude .  From figure 10 and similar curves f o r  o the r  a l t i t u d e s ,  it w a s  found 
t h a t  minimum drag i s  obtained a t  a wing loading corresponding approximate- 
l y  t o  a value of a of 0.08 rad ian  (4.6'). The r e s u l t i n g  schedule of 
wing loading wi th  design f l i g h t  a l t i t u d e  i s  shown i n  f i g u r e  11. 

g 

i s  l i f t  c o e f f i c i e n t ) ,  which i s  independent of t h e  a l t i -  

Shie ld  Weight and Separat ion Distance 

The s h i e l d  surrounding t h e  p i l o t ' s  compartment i s  t h e  heav ie s t  compo- 
nent  of t he  a i rp l ane  and hence has a s t rong  inf luence  on t h e  r e s u l t i n g  
a i r p l a n e  performance. F igu re  4 shows t h e  t o t a l  crew-compartment s h i e l d  
weight as a func t ion  of r e a c t o r  - crew-compartment s epa ra t ion  d i s t ance  
and angular p o s i t i o n  f o r  a dose rate of 4 r e m s  p e r  hour.  The fol lowing 
table  gives t h e  th ickness  of l ead  and water f o r  var ious  p o i n t s  on t h e  
s h i e l d  f o r  a r ep resen ta t ive  separa t ion  d i s t ance  of 70 fee t  and an angular  
p o s i t i o n  of 6O. 

CONFIDENTIAL 
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P o s i t  ion 

Material 

Thickness, f t  

Side Top and bottom R e a r  Front- ~ 

Water Lead Water Lead Water Lead Water Lead 

2.5 0.8 2.3 0.5 4.4 0.83 2.3 0.5 

Figure  12  shows t h a t  t h e  drag and t h e  weight are i n s e n s i t i v e  t o  
s i z a b l e  changes i n  separa t ion  d is tance .  However, v a r i a t i o n s  i n  s h i e l d  
weight are seen t o  be q u i t e  important.  Superimposed on t h e  f i g u r e  i s  t h e  
ca l cu la t ed  v a r i a t i o n  i n  requi red  sh ie ld  weight wi th  separa t ion  d i s t ance  
according t o  f i g u r e  4. Separat ion d is tance  i s  seen t o  have a nea r ly  neg- 
l i g i b l e  effect i n  t h e  range shown because t h e  comparatively small changes 
i n  s h i e l d  weight are o f f s e t  by v a r i a t i o n s  i n  fuse lage  w e i g h t .  

F l i g h t  Al t i tude  

The e f f e c t  of design f l i g h t  a l t i t u d e  on l i f t - d r a g  r a t i o ,  g ross  w e i g h t ,  
and drag i s  shown i n  f i g u r e  13. Higher a l t i t u d e s  r equ i r e  a l a r g e r  wing 
t o  support  t h e  a i rp l ane  and the re fo re  t h e  gross weight increases .  How- 
ever,  the g r e a t e r  wing area improves t h e  l i f t - d r a g  r a t i o  s u f f i c i e n t l y  that 
t h e  t o t a l  drag decreases a t  higher design a l t i t u d e s .  L i f t -d rag  r a t i o s  
range from about 5 a t  60,000 f e e t  t o  6 at  90,000 feet. (These values  do 
not  inc lude  engine nace l l e  drag, which has  been deducted from t h e  engine 
t h r u s t .  ) 

For s teady  l e v e l  f l i g h t  t h e  engine t h r u s t  i s  equal  t o  t h e  a i r p l a n e  
drag.  Hence, figure 13 may be in t e rp re t ed  as i l l u s t r a t i n g  the e f f e c t  on 
maximum c r u i s e  a l t i t u d e  of v a r i a t i o n s  i n  engine t h r u s t .  It i s  seen t h a t  
a s m a l l  change i n  th rus t  produces a s u b s t a n t i a l  change i n  t h e  maximum 
design c r u i s e  a l t i t u d e .  

Engine Weight 

The i n s t a l l e d  weight of each engine i s  nominally taken  as 27,500 
pounds i n  t h i s  r epor t .  The e f f ec t  of v a r i a t i o n s  i n  weight w a s  ca l cu la t ed  
i n  order  t o  determine the s e n s i t i v i t y  of the r e s u l t s  t o  changes i n  this  
assumed value.  F igure  14 shows t h e  a i rp lane  drag  and gross weight as a 
func t ion  of engine weight f o r  design a l t i t u d e s  of 70,000 and 90,000 feet. 
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Airplane Configurat ion . 
The re ference  a i r p l a n e  had a canard su r face  with engines contained 

i n  t h e  fuselage.  This w a s  compared with a conventional wing and t a i l  
configurat ion.  The t a i l e d  conf igura t ion  w a s  ca l cu la t ed  t o  have s l i g h t l y  
lower l i f t - d r a g  r a t i o ,  t o  be  somewhat heavier ,  and hence t o  have h igher  
drag.  

Calculat ions were a l s o  made f o r  a canard conf igura t ion  with t h e  en- 
g ines  car r ied  on t h e  wing t i p s .  For t h e  same engine and s h i e l d  weights 
and with no engine nace l l e  drag, t h e  t o t a l  a i r p l a n e  drag  w a s  e s s e n t i a l l y  
t h e  same as t h a t  f o r  t h e  re ference  a i r p l a n e .  However, it i s  expected 
t h a t  an ex te rna l  engine mounting would inc rease  t h e  i n s t a l l a t i o n  weight 
and involve some a d d i t i o n a l  drag. Also, t h e  ex te rna l  mounting w a s  found * 
t o  requi re  g r e a t e r  s h i e l d  weight because of a reduced a x i a l  s epa ra t ion  
between t h e  p i l o t  and t h e  engines and because of a g r e a t e r  angle  CP 
( f i g .  4 ) .  

tf 
c 
U 
-. 

A s  a r e s u l t  of t h e s e  considerat ions,  no f u r t h e r  work w a s  done with 
e i t h e r  t he  t a i l e d  conf igura t ion  o r  with wing-mounted engines .  
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TABLE I. - WEIGHT AND DIMENSIONS OF 

Weight d i s t r i b u t i o n  : 

Canard sur face ,  l b  
Wing, l b  
Fuselage,  l b  
Fixed load, l b  
Landing gear  and miscellaneous, lb 
Engines (two) , lb 
Tota l  weight, l b  

Dimensions: 

Canard-surface area, sq f t  
Wing area, sq f t  
Vertical t a i l  area, sq f t  
Wing span, f t  
Fuselage length,  f t  
Fuselage diameter, f t  

1 , 400 
13 , 350 
14,700 
113,000 
17,360 
55 , 000 

214 , 810 

287 
1,915 

287 
69 
13 0 
10 

13 
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Figure 1. - Effect  of a l t i t u d e  on t h r u s t  of General Elec- 
t r i c  AC-210-1 ramjet engine ( r e f .  1). 
number, 4.25. 

F l i g h t  Mach 
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Figure 4. - Effect of axid1 sepxat ion  distance 
and angle on shield weight. 
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40 80 120 160 lo3 
Shield weight, lb 

Figure 5.  - Effec t  of v a r i a t i o n  i n  s h i e l d  weight on 
maximum c r u i s e  a l t i t u d e .  Two engines.  
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F igure  6.  - Effec t  of va r i a t ion  i n  engine weight 
on maximum c r u i s e  a l t i t u d e .  
s h i e l d  weight, 100,000 pounds. 

Two engines; 
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Figure 7. - Effect of variation in number of 
engines on maximum cruise altitude. 
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Nozzle ve loc i ty  c o e f f i c i e n t  

F igure  8. - Effec t  of nozzle v e l o c i t y  
coe f f i c i en t  on engine t h r u s t  minus 
n a c e l l e  drag. 

com1DENTIAL 



22 C ONFIDE2JT IAL NACA Pa E57F17 c 
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Nozzle v e l o c i t y  coe f f i c i en t  

Figure 9 .  - Effect  of v a r i a t i o n  i n  noz- 
z l e  v e l o c i t y  coe f f i c i en t  on maximum 
c r u i s e  a l t i t u d e .  Two engines; s h i e l d  
weight, 100,000 pounds. 



NACA RM E57F17 

Wing angle  
of a t t a c k  ,, 

rad ians  

CONFIDENTIAL 

6OX1O3 

’ 50 - 
bo 
cb 
k 
0 

- .04 
2 
a] 
,-I 

TI 
E 40 
4 

30 * 

23 

(2.16 

\\ .08 

L 

0 

. 
230 

P 
rl 220 - 
c, 

r( 
6 

m 
Lo 
210 

0 

200 

Figure  10. - Effec t  of v a r i a t i o n  i n  wing load- 
ing .  Al t i tude ,  70,000 f e e t ;  two engines; 
s h i e l d  weight, 100,000 pounds. 
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Figure 11. - Varia t ion  i n  assigned wing 
loading with design f l i g h t  a l t i t u d e .  
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Figure 12. - Effect of variations i n  shield weight and 
separation distance between engines and shield. 
Altitude, 70,000 feet. 

25 

CONFIDENTIAL 



26 C0NFIDFNTIA.L NACA RM E57F17 

t 
I I 

I I  

60 70 80 
Al t i tude ,  f t .  

90 x103 

Figure  13. - Effect  of v a r i a t i o n  i n  
design f l i g h t  a l t i t u d e .  TWO en- 
gines;  s h i e l d  weight, 100,000 
pounds. 
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Figure 14. - Effec t  of v a r i a t i o n  i n  
engine weight. Two engines; 
sh i e ld  weight, 100,000 pounds. 
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